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THE EXPERTIENCE OF OPERATION AND USE OF THLE RESEARCH

WHT-M REACTOR WITH MAXIMUM NEUTHON FLUX 3.10“‘—,“——.
cm ', sec

D.M. Kaminker, K.A.Konoplev,
The researoh wwWi-} resctor has been put into operation in the A,P.Ioffe Physical and
Technical Institute of Academy of Ucience of the USSR since December 1959,

The reaoctor uses enriched uranium, l1ight water as a moderator and beryllium as a side
reflector, It operates at a rated heat power of about 10 MW. (1,3,11).

The reactor was designed as research one and is employed to carry out investigations
in nuclear physiocs, solid-state physios, radioblology and radiochemistry. Main investige-
’
tions are oarried out using horlizontsl channels of the reactor.

All these investigatiops are malnly being oarried out by Physiocal and Technical Insti-
tute (2) with the alm to study +the struoture of nuoclei and 1sotope charaoteristios, the
mechanism of fission process and primary aotions of radiation influence and also the utili-
zation of neutron beams as a method of investigation of the strucvture and properties of
aiffersnt substatrves.

I. DESIGN AND OPERATION OF THE REACTOR.

The first operating reactor loasding (iig.1) had s stretched form to separate the
water oavity from the control rodz and to keep their worth. The flux of thermal neutrons
in the oavity was 3.6 times greater than the mean flux in the oore. The loading of 0235
was amounted to 3120 g.

The water osvity is formed by means of the replacement of 12 fuel elements by a upe-
cial ohannel for the irradiation of samples. The Tormation of the water oavity to oreate
an experimentnl chmanel with maximum thermal neutron flux is one of the ways of using the
great mobility of the nore, The ocore is formed of fuel elements (Fig.2-3) and beryllium
elemonts within the loop of the beryllium reflector., Various oparations of the core give
the possibility to changs fluxes in experimentsal chennels from 0.4 to 1.5 of the mean
thermal neutron flux in the ooxe (%,5).

At 10-NW resotor power the thermal neutrorn flux in the water cavity is 3.10“‘n/on2.seo
and 1t 15 (1.4 O.A).wmn/onz.seo in other experimental channels, Plux measurements were
made by the activation of gold foils O.1mm thiok for relative messurements, and 100 4 200
lﬂg/cﬂn2 thick for absolute measurements by method of ﬁ-{— coinoidence, By May 1964 the
heat output of the reactor has reached 2000Mw-days. After 200-300 Mw-days are obtained,
new fuel elemants are loaded into the resoctor with some replacement of the burmt out ele-
ments,

After the additionsl charge the oritioality of @ cold depoisoned reactor is achieved
only after tha extraotion of all safety rods and of at least a half of one of shim rods,
Sush ¢ gyetro provides suffioient reaotivity for operstion during the whole period beitween
the loadings at the powerof SiW¥and higher (Pig.5). The maximum weight of 6 control exd
ghts rods i+ 9,3%, the reactivity for poisoning at the power of 5 MW is 2.%%, Por burning
out “% -.days ip spent, All values of the reactivity are ocaloculated taking intc account
the - . nautrons worth for WWR-M reasotor (6). Though the wsight of the souire!
redn e -urned out to bs loss than expected soocording te the preliminery cnlculatiens (2),
<t 't osused any diffioculties in operation.
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Vater treatment and water-purifying systems in the primary loop of WWR-M reactor were
not good enough and we had to roplace amd modify thenm.

A system of ionexchanging column (7) was made to supply the reactor with make up wa-
ter instead of eleotric-distiller units. This systenm provides a good quality of water. A
good quelityof rater 16 also maintained by an lonexchanging filter which is plaoced on the
by-pass of the primary loop system (Table 2).

During operation the quality of water chaages but little, thus sllowing of oheoking
oconstantly only one rather characteristio parameter. Now-used control system 15 given 1in
Table 3. The corrosion resistance of the loop elements made of stainless steel is high
enough, partly due to chemical and mechanical treatment of the primary loop elements before
the reactor start-up. The stainless steel corrosion produots influence little the quality
of water (9). Aluminium corrosion influenoces greatly the quality of water. The working con-
ditions of the coolant are represented in Table 1. The existence of aluminium hydroxide 1in
the water of the primary loop results in the sorption of the hydrated oxide on rough parts
of the beryllium surface. Moreover, in stsgnant water the holes of the beryllium parts oan
be completely overlapped. To prevent such & sorption the water of the primary loop 1s pe-
riodically pumped through even when the remotor is out of operation., Aluminium corrosion
reaches ? grams per day and results in the formation of insoluble particles the size of
which varies from 5 to 30 miorons. These partioles oconsist of hydrated-aluminium-oxide
(Pig.4). With tkLe oconceniration of such partioles 2 ¢ 3mg/l, water grows turdid and the
visidility of the core reduces, With the consentration as high as 10 mg/1 the core immersed
by 3.5m into the water is quite invisidle and fuel rechurging oannot be exeouted. The
elements of corrosion as suspsnsions were observed in cther reaotore such as the Canadian

NEU resotor in which they were in the form of Gibbaite 2A12033D20 (8).

To clear the water in the primary loop of the WWE-NM reactor an eleotrophoretio filter
was constructed (2)., In such a filter the turdbid water is flowving between two eleotrodes,
Suspended charged partioclns are precipitated on the eleotrodes and then a pure water is
flowing out of the filter (P15.6,7). The purifioation ocoefficient of the filter is E -
0.9 = 1.0,

§ N I
[
where C and C' are conoentrations of suspensions at the inlet and outlet of the filter,
4..2 effeotive flow ratc through the filter EQ (whew Q ias total flow rate) 1g somewhere
between 0,3 + O.Izlalhour. Thess parameters allow the rgaotor water to be purifyed to the
transpsrency of the distilled water.

The oapeoity of the filter is only 16 1 and 4t was ersily to surround it by a lead
shield 130mm thiok., The filter was momnted in the pu=p roo= of the primsry loop. During
the operstion ths filter does not nsed to be looked after and 14 18 easily regenerated ty
washing off the partioles preoipitated on the membranes. The filter raleass of detonating
gas of about 20 l/hour during the operation is its main drawback. But in our oase it is
not so sssentisl beoause radiolysis produces about 3001/hour of detonsting gas and the
primary loop is equipped with a deseration system for detonsting gos removal., The deaera-
tor is installed on th~ by-pass of the primary loop (Fig?). 10% of all coolant oapaoity ie
passing through this system. The deserator oomsists of 8ix grid plates with the diameter
of 1m. The water iz released from the Adissolved detonating gas and enters the common flow
of the coolant, The air formerly was thrown out into the stmosphexrs. The exhsust air oon- B
tains not only detonating gas mirture but almo all the radiosotive gases dissolved in the -
primary locp water, A olosed loop system of demerstion was designed to reduce fume-off into
the satmosphere (10). The air exbausted from the deserator with 0.5-1% ocontent of detonating
g8s 15 heated and passes through the platinum ostalysers xhers the detonating gas is quiet-
ly burnt up. Then the air passing through the oondenser ik 9ooled and releasad from water,

and then through the oompressor the air returns to the deserator ontlet. Thie system is in
328 -2 -
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operation since the end of 1967 and decreases the fume-off by 10 timesn.
[T, THY NFACTON PMPTOVMENT,

There are vertical holes in bery!lium refiector where experimental channels are put

in (Table 4, Fig.1). Two kinds of channel:; ace raployed: "dry" channels in which containers
with samples are irradiated without any forced cooling and "wet™ channels in which the
water in the primar: loop flows under pre.cure of 3.5m.w.c. At was previourly mentioned
there are a water cavity 1in the core with the "wet" channel and two "wet" channel s inserted
instead of fuel elements for irradiation in the fluxes of fast neutrons. Muring the irradi-
ation the temperature of samples changes in a wide range depending on the sample material,
its packing and way of cooling., PFor example, with ?8am dia, specimentc placed in an uncooled
container with a 2-mm fixed air gap, at S-M¥ reactor power, the temperaturn measured for
steel was 510°C, that for aluminium 150°C. Minimum temperatures are in the range of S0-
70°C. To caloulate the temperatures speoifio heat release for some moterials has been mea-

sured at the reactor power of 5 k¥. The results of linear calculations for the nominal reactor

power are presented in Table 9,
Loading and unloading of irradisted speclmens in vertical channels of the reflector

are carried out during power operation of the reactor. The wminimum time for the t ransporta-
tion of the sample irradiated at 10M7 from the irradiation hole to the measuring instrument

is 20#30min.
Horizontal channels are made of tubes with 60nm inner dia, (3 channels) and 100mm

inner dia. (6 channels). Their ends are inserted into the holes of the beryllium refleoctor
with the diameter of 88 mm and 128 mm respectively, All the channels have the same struo-

ture (Fig.8). There is a distance of 10 meters between the outlet hole snd the wall of the

experimental hall,
As 8 rule, measurements are carried out in all the horigontal channels simul tanecusly
except the cases when variable reactor power is required for an individual measurement.

Physical equipment chiefly presents stationary ihstallations with the except ion of
three horizontal channels 4n which instruments are arranged only during measuring processes,
Thege channels are particularly used for investigations on fission physics.

One of the main problems of nuclear physics solvsd on the reaoctor is a complex study
of nr-reaotion. This implies parallel investigation for ocertain nuolei(mainly of odd-odd
ones as less gtudied) of x-rnys spectra and their intensities; investigation of conver-
slon electron spectra arising in the reaction and different schemes of coincidences for a
prompt radiation. Such investigations permitiing tc determine not only the ensrgy of
gamma—rays snd theixr intensities but slso their multipolarities, 8pins and sucoemzaions
ensure the complete nucleus level disgrams to be drawn. Por the investigations of this
problem we uge simultaneously three radial horirontal chanpels and recently a special
tangent channel was made,

To study the spectrum of energies of X-qua.n‘ca and its relative intensitiss the cxys-
tal-defractional X—speotrometer Cauchois with 4-m distance from the ourved orystal to the
detector is arranged (Pig.9). High resolution and. agcuracy of the instrument (12) aund slso
the possibility of remote motion of the scurce £rom the region with high neutron fiur to
the region with low neutrom flux Tor the selection of {-blnds belonging to isotopes and
not relating to the prompt X-rays of remotion permit reliable measurements to be made
in this regica.

A tangent channel (for attenusting -radiation of the core) was used to investigate
oonversional electrons of (nx’ )-renction. Prom the largs target srranged in front of ihe
corn. ~lnairans of conversion go through the vaouus tube protected from the magnetioc £inld

-3 -
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to a  fooussing lens, The subsequent snalysic of alectron energy 1s carried out by the

double magnetic spectrometer of TV type.

Two other radial beams of the reactor “ipntement these Invest1gations with mensurementy
of r- (r- coincidences (11) (sc intillation spectrometers with the delayed coincidence ’
measurenent) and - e, ard ¢ - e - colnclduncuy with the double toroid spectrometer em-

. ployment (113) whion permity nlp to invoestigate o- J" and e-e angular correlations,

Besides we study short-living and tcomerio ttates of nuclet obtalned in the reactor,
For these purposes we uce rabbit and opeocimens' delivery systews previously described in
I.A.Xondurov and D.A.Tashin's report (15), 80 we desoribe only a new pnecumatic rabbit nys-
tem for the magnetio speotrometer which is placed on the renmotor radial thimble., The arrang-
ment (16) 1s to investiga te r-rays fpeotrum of chort-living 1sotopes formed in the reactor,
There are two lines in rneunatio rabbit for spscimens spools’ movement. In turn one of the
specimens is irradiated in a chennel (beryllium refleoctor region) while the other is deli-
vered to the magnetic spectrometer of "Elotron" type arranged in the hall, -rays of a
specimen knook out electrons from the curved (to intensificate luminous intensity) thin
tr:get. The clectyons are annlyzed by the magnetic field of o special shape (Fig.11),

We use two radisl chamel to investignte the fisslon reaction. The nain aim of thene
invest igations is to clear up the meohanism of fissionable )rooess, which 18 related to
studying the characteristics and partiole correlations formed during the elementary ficsio-
nable process. A study was made of energy and sngular distribution of neutrons emitted at
the f£1iaaion of U2 5 by the thermal neutrons (17), angular distribution of X"-—rays of the
fission of 0235, 0233 and Pu”g, the relation of kine tio energy with symmetrical fission
yield (19) and so on,

A8 an illustration we oan point out, for exsmple, that the study of lifetime of exoited
states of thermal-neutron <fission fragments by the method of -speotrun measurement (18)
whiocn s colle:)ted by the nerrow oollimator moved along the fragment's path ghowed that the
wain p H X’-raya is emitted foxr the time less than 5,10 1500 and only 5-10% of radia- -

o .rrespond > the time interval 3.10~'0-5,1¢" sec,

As suoh inveatigitions do not need bully apparatus (for deteoting semiconductor coun-
« s axre frequeat’y used) oohelonped ascemblies are used to organize such work that ip the

toxr heam passes sim nously two tsrgets in two different instruments arranged one
~%2%st another, (After that the beem 18 caught by a beeu -3, 88 in 811 other horizontal
“.smnels, in order to diminish radtative © ckground in the hall),

Three horizontal ochannels, thermal column and some vertioal ohannels of the reactor
&re employed to carxy on investigations on s01id state physics. Characteristio features
of suoch a work with horizomtal ochannels are: preliminary neutron monochromatfzetion, .n-
‘ stallation of filters for "cold™ neutrons in the reaoctor channels and also the oreation
of polarized neutron beams with the nhelp of neutron refleoting mirrors.

Siwilar investigations are being oarried on in several direotions (20), The excitement
of spin waves in forromsgnetiocs (under different temperatures) for small scatte ring angles
of neutrons is studied on one channel with the help of polarized beam of incident neutrons,
The peculiarity of the merhod is the determination of the polarization degree of neutrons
after socettering, .

Phonon spectra of semiconducting orystals are investigated on the inetellation (with
—— cooling 2Re-filter in & reactor ohannel), where a time-0f-21ight selector with a S-metre
flying vase for measurement s of neutron energies is used, Analogous Investigution of rhonen
epectra

of polynerio substanoces is conduoted on two erystal type tnstelleticon ‘n whicl mo-
nocrrimatitation of neutrons and anelyeis of their energies are carried on Ly roaficcting

7 Trom Lewd crystels,

¥iTh the help o2 nevirorn-ditfrection cerare qu one 0f ‘Le Tarizental chennels of the

- L
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reactor the maygnetic ordering of ferviteu 16 ctudted.

The reaclor permits to investipgate suec satully irradiation damage in semiconductors.
Lnergy levels spectra appearing in the fotitiee wone of germpnium under the influence
of fasl ncutrons at room temperatures as well as at liquid nitrogen temperature were ctudi-
ed (21).

At liquld nitrogen temperature 11 iunor and soceptable ievels have been discovered for

the display of which additional healing war neccesary ("defect ripening™).

Similar tests are carried on in vertical renctor ohamnels with the use of liqulid nitro
gen feeding into a special cryostat.

The work on radiochemistry with the use of reactor hot ocells is connected with elabo-
ration of methods for preparation of radioactive isotopes with high speoifio activity ne-
cessary for sclentific recearch. As an illustration we can mention a method of P32 purifi-
cation and emission with the specific activity up to 10 curie/mg.

Such preparations are employed for investigations on blology and on ﬁ -gpectroscopy.
Tests on radiation influences on biological objects (anima]s) oan be oarried on in three
special thimbles placed In the concrete shield of the reactor. A cpscial oage equipped with
a ventilation system ensuring normal oonditions for the animals and with & system for do-
simetrical control can be lowered into a thimble with a big oval size (AOxGOcm). Past-
neutron flux in oage region is usually 3.10 n/cmzseo. By selecting the filters surrounding
the cage the ratio of mixed flux components can be varied but not in high proportions,

Mainly such teste are made to determine personnel radiation resistance and to work out
radiation protection methods.

A11 the desoribed installations are situated in the reactor hsll. Though it is not
dangerous to stay in the hsll during reaotor's work (as there exist neutron beam traps),
all the installations have provisionsz for remote ocontrol from special rooms with control
boards for each reactor horizontal channel, Moreover, to improve and speed up measuremento,
reactor installations ars served by a common system of centralized information ocolleotion
which can simltaneously oonduot multiohannelad oaloulations for & number of "gubsoribers”.,

Experimental possibilities are 1imited beceuse of the absence of resotor tangent
chamels. It is well 1llustrated by the orystaldiffraction speotrometer, Foroed gamna
shielding leads to the reduction of neutron f£1lux on the specimen. Though the part of lead
soreen is placed even in the cors inetead of beryilium elements (Fig.9) high neutron flux
of the reactor is not essentislly used. On the spsoimen the flux reaches only -2.10
n/om?'sec. Besides fast meutron flux does not diminish and soccoupts considerably for the
ocommon baokground of measurements,

A hollow in blological shielding from the telescoping thermal column was used to Zorm
tangent and tergential channels. Tho channels were drilled in conorote and the thermal oo-
lumn graphite was replaced by protective disk with ohannels for beams extraotion (Pig.10),
Naturally, we £ailed to bring these channels into the reactor tank up to beryllium refleo-
tor but those channels had definite advuntages in comparison with radial channels 88 their
baokground-effe ot ratlo is considerably less (Table 6).

The small dlametar of the horisontal channels at the outlet of biologicsl shielding
ig apothar drawbaock of their design. To place some experimental devices except oollimators
in chennels io extremely diffioult.

Using again the hollow from the thermsl column, sdditionel chsmnels No.12 and No.15 o
(Fig.10) wern formed; they enable the monochromator orystal to be placed nearer tc the core.
The removeble shielding permits easy maintenance of +the spparatus arranged st the outl«ts
of thesa chaansls and reduces specimen baokground of monochromator soattering.

-5-
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CONCLUGION.

The research YR-M reactor permits oarrying on investigations with the use of
n
neutron flux up to 3.101/‘n/cm' sec. leactor investigations with horizontal neutron beame
and with specimens irradiated by high neutron fluxes are carried on.

The creation of come awdit ional reactor systemn (a closed air system, water—supply
tem etc.) guaranteer the safe reactor operation at nominal parameters.

The experience of the reactor operation and investigations showed that the abhcence of
special-purpose channels hinders certain investigations on thic reactor. The reactor hes
a gserious drawback: it has only standard radial horizontal channels.

At present it is somehow compensated by the provision of additionsl tengent and tengen-
tial channels,

As to the further improvement of the reactor we hope to reconstruct the vertical
experimental channels.

TABLI: I,
Operat ing Conditions of Coolant in WWR-M Reagtor.

Mean power density MW 0.2

Meximum calculated temperature
rgf fuel element oladding

Mean tempexature of water-
coolant in the core

Water-coolant bulk velocity
in the core

Specitic heat-transfer surface of
fuel elements per 1 kg of U

TABLFE 1I.,
Quality of Water Used s a Coolant in WWR-M Reactor,

Perameter Supplying Water of the primary
water cirocuit

6

(245).10°
pH - 6.8 5.,2+6.2

Speoific BElectric resistance Ohm.om 10

Dry residue 'P 1 S+ 10
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Table 3.
Periodicity of Quality "ater Control in WYR-M Reactor.
Paraaeter Perlodicity of Control
Specific electric-resistance Constantly
pH Weekly
Corrosive elements: iron, aluminiunm,
beryllium Monthly
Admixture: chlorine, silicon, nitrogen
compounds, orgauic compounds Yonthly
Activity of dry residus Weekly
Activity of fission isotopes:
b jodine, strontium, barium etc. Weekly
. Transparenoy of water Weekly
Table 4.

Vertical Bxperimental Channels of WWR-K Reactor.

Unit of measure Chennel in the reflector Channels in the core

* Diameter of reflector
hole om 48 70 90 110 Core Water
channels channel
Inner dismeter of chanmel om 81 60 - - 30 41
Quantity of ohannels po 9 1 2 1 2 1
Thermal meutron flux 10" x—B—  1.840.3 0.5¢0.3 0.5+ 0.9+0.8 1 31
cm” Be0 .3
Table 5.

Heat Release in the Specimens Irrsdiated in A0mm *Dry"®
Experimental Channel at 10-NV Reactor Power,

Material Heat-Releass, W/g
Copper 0.5

* IX18HIT Steel 0.3
Alusinium 0.4
Beryllium 1.2
Water 1.2+2.0

125
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Table 0O,
Characteristics of New Channels and One ladial Channel of
WWR—-M Reactor of the Physical-Technical Institute.

Tin Pin 7y Dy Yent Py 7 0
Channe 1Maximum thernal Maximum neutron Fast neutmn {/'-rays power Flux relation
neutron flux in flux at the flux at the at the channel at the ghannd
the channel outlet channel outlet channel outlet outlet
n n n I n H n H N
om sec om seQ 0m2880 sec omzseo om?sec
-t
sec
Fo. 1 Radial 0,504 3,107 3. 108 6.107 1:0.1:0,02
[ -4
Fo. 10 Tangent 6,10'" 8.107 8.10° 6.10% 1:0.,001:0.001
No. 11 Tangent-
1al 2.10'2 5.10° 2.8.107 8.10° 1:0.046:0.0016
No. 16 Tangent-
1al 2,102 5,108 1.8.107 6.10° 1:0,08:0,0012
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Fig.1. Diagram of the First Reactor Loading.
1.Fuel elements. 2.Beryllium elements., 3.Water cavi-
ty. 4.Shim and control rods. 5.Safety rods. 6.Verti-
cal experimental chznnels.
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Fig.2.5ection of a Fuel
WWR-M Element.
a)Cross-section.b) Iongi-
tudinal~section,

1.Gaps for Cooling Water.
2.Fuel element tubes,
5eAluminium fuel element
can. 4, Nuclear fuel layer,
5 The ring diffusive-weld-
ed with fuel element can
with nuclear fuel layer.

Fig.3¥ Photograph of Fuel Elements, Top View,

325 - 10=-
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Fig.4. Photograph of Particles Suspended in the Water of the
primary Reactor Circuit., Magnified 800 times.

Fig.5 Diagram of Reactivity
Changes Against Fuel Burning
in WWR-M Reactor.(The Breaks
of the Line Correspond to

i ) Additional Charges and

? Overloadings of Fuel
Elements),

500 1000 noo W Mbm.oym (M wd)
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/4 Fig.6. Scheme of Electrophoretic
/ Filter Purifying Reactor Water,
% 1. Inlet for water suspension. 2.Removing
V”/ of the pulp. 3, Electrodes, 4.Membranes,
5e0Outlet for purified water and detona-
// ting gas bubbles, 6.Water feeding to
/‘ remove the pulp, 7. Compressed air

feeding for membrane purifacation

7 P Fig.7. Scheme of Inclu-
g sion of Electrophoretic
Filter and Closed Deaer-
4 ator System in the Fri-
o— mary WWR-M Reactor
> Circuit.
_ == 1.Core.2.Circul ating
———[." pumps of the primary
S | ) DR circuit. 4,Deaerator.
gl | vt 5. Electrophoretic fil-
— . ter.6,Air heater,7.Cata~
. T r lytic burning of detona-

!
l'l
%)

ting gas. 8,Condenser,
9.Compressor.

325 -12 -
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1.The core. 2.,Beryllium reflector, 3.Water. 4.Concre-—
te. 5.Gate. 6.Concrete filling. 7.Neutron beam trap.
8.The wall of the experimental hall,

All the dimensions are given in millimetres.

uoov

Fig.9. Establishment of the Crystal-Diffraction
in Channel No,2 of WWR-M Reactor.,
1.The core, 2,Cooled lead shield placed instead of a
part of beryllium elements, 3, Intrachannel ieag
shield. 4.Beryllium elements, 5,Specimen, 6.Curved
erystals 7.Detector, 8. Collimators.,

The dimensions are glven in millimetres.,

2 -
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Fig.10. Arrangement of New Experimental Channels in WWR-M
Reactor,
1.The core. 2.Beryllium reflector, 3.Reactor tank,
4,Hollow for the telescoping thermal column. S5.Arran-
gement of crystal-monochromator, 6.Mobile cast iron
shielding., 7.Concrete plug. No.1 and No.9 - Radial
channels placed 1000mm above the hall floor,
No.10 - Tangent channel placed 1250mm above the
floor. No.11 — Tangential channel placed at a height
of 750mm. No.16 - Tangential channel placed at a hei-
ght of 1250mm. No.12 and No.15 - Channels for btrystal
spectrometers placed 1000mm above the floor,

All the sizes are given in millimetres,

L A

__ ] _ ) v l‘,{s,,.
Th =il

Pig.11, Pneumatic Rabbit System for Apparatus of "Elotron",
1.Reactor core. 2,Tubes for pneumatic rabbit Sy s-
tem. 3.Concrete reactor shield, 4,0Quter shield.,
>.Paraffin with boron carbide, 6,Lead shield. 7.De-
tector of pneumatic rabbit system. 8.Electromagnet
of spectrometer. 9.Vacuum chamber.
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Fig.12. Photograph of the Experimental Hall of the Reactor.
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